We study the symmetry breaking sector of a supersymmetric left-right model based on the gauge group SU(2) L × SU(2) R × U(1) B−L . The explicit mass matrices of neutral, singly charged and doubly charged scalars are constructed. In the minimum the R-parity is found to be spontaneously broken. An experimentally interesting feature of the model is that one of the doubly charged scalars is possibly light enough to be seen in the next linear collider.
1. Introduction. Supersymmetry is often invoked to take care of the quadratic divergences occurring in the scalar sector of spontaneously broken gauge theories.
The Higgs sector of supersymmetric models has proven to be interesting in view of future colliders, since the mass of the lightest neutral scalar has typically a relatively low upper limit. In the framework of the minimal supersymmetric standard model (MSSM) the tree level mass of the neutral Higgs is bound from above by the Z boson mass. However, radiative corrections to the scalar masses can be large [1] .
In this paper, we will study the Higgs sector of a supersymmetric left-right model (SLRM) based on the gauge group SU(2) L × SU(2) R × U(1) B−L . We construct the mass matrices of the physical Higgs scalars and determine the mass spectra for a representative choice of free parameters.
The motivation for the left-right models is mainly the see-saw mechanism [2] by which one can generate light masses for the left-handed neutrinos and large masses for the right-handed ones. The left-right models are especially interesting, if the experiments on solar [3] and atmospheric [4] neutrinos continue to show deviation from the standard model, as well as the existence of the hot dark matter component [5] explaining some features of the power spectrum of density fluctuations of the Universe persists. All these results seem to indicate that neutrinos indeed have a small mass.
To achieve the see-saw mechanism, the SU(2) L × SU(2) R × U(1) B−L symmetry has to be broken by scalar triplets of SU(2) R . The special feature of the model is that the triplets contain among others also doubly charged scalars. The phenomenology related to the supersymmetric partners of these scalars has been recently studied in [6] . The gauge symmetry breaking of the supersymmetric left-right model was also studied in [7, 8] . In [8] it was argued that the parity is violated only if the R-parity is broken. Here we will see in an explicit construction that the tree-level masses of the pseudoscalars and doubly charged scalars can be physical only if the R-parity is spontaneously broken.
2. The scalar potential of a supersymmetric left-right model and the gauge symmetry breaking. The most general potential [9] of the standard left-right model is complicated due to the numerous possible combinations of the fields. In the supersymmetric version, the Higgs couplings are much more constrained, since the quartic interactions are completely determined by the gauge couplings.
The superpotential of the model is given by
where Q L(R) denote the left (right) handed quark superfield doublets and similarly for the leptons L L(R) . The triplet and the bidoublet Higgs superfields of
To explore the symmetry breaking and to work out the mass spectra of the Higgs sector, one has to consider the so-called F-terms and D-terms, as well as the possible soft supersymmetry breaking terms. Those of such terms which contain electrically neutral scalars are given by
where the scalar fields are denoted by the same symbols than the superfields, except for the hat. The soft supersymmetry breaking parameters are the soft trilinear couplings A i and the soft masses which are contained in m i . The m i 's are defined so that the coefficients of the F-terms of similar form are included.
We do not make an effort to minimize the full scalar potential, but instead find a region in the parameter space for which the scalar fields in the minimum have vacuum expectation values given as follows: The m i 's, i = 1, ..., 5 appearing in (3), can be eliminated by using the minimiza-
For simplicity we will assume in the following that only one of the vev's of the neutral scalar leptons is non-negligible, namely σ R . This will fix the parameter µ 1 as
Imposing the conditions for minimum, the potential is given as
In the true minimum this has to be negative. For the first three terms this is obvious, but the last term is constrained by the requirement of negativity.
In the breakdown of the gauge symmetries down to the U(1) em the charged gauge bosons and two of the neutral ones become massive. The masses are found by diagonalizing the corresponding mass matrices and they are given by
Here it is denoted
L . In the following we will assume that the left-and right-couplings are equal to the standard model SU(2) gauge coupling g, g L = g R = g. This assumption also determines the value of the third coupling, g ′ by (6) up to a correction factor. Then the ρ-parameter of the electroweak interactions is found to be given by
where the angle θ W is given by tan θ W = g ′ /g. The effect of the new scalars getting vev's is to increase the value of ρ. As expected, the value of the ρ parameter approaches its standard model value as v ∆ , v δ , or σ R get large values. The experimental limits for the ρ-parameter are given by ρ = 0.998 ± 0.0086 [10] . With the above mentioned assumptions on the gauge couplings, the experimental bound for ρ constrains the ratio of the vacuum expectation values as follows
Since the sum of the vacuum expectation values κ 2 1,2 is determined from the measured mass of W L [11] , the charged heavy gauge boson mass m W R > ∼ 500 GeV.
3. Spontaneous breaking of R-parity. In the minimum the masses of all the scalars in the Higgs sector must be positive. The scalar masses can be found by using the scalar potential, Eq. (3), and the vacuum expectation values given in Eq. (4).
Before studying the ensuing mass spectrum numerically, let us consider the R-parity,
3(B−L)+2s . As discussed in [12] , the R-parity, which is +1 for ordinary particles and -1 for their supersymmetric counterparts, is automatically conserved in Lagrangian in this type of models, but it may be broken spontaneously if ν = 0.
In the neutral mass matrix the pseudoscalar and scalar components do not mix. In the case of conserved R-parity, i.e. ν R,L = 0, the pseudoscalar mass matrix is given by four two by two blocks, see Eqs. (A5) and (A6) in the Appendix. One of the blocks contains the sneutrinos and we need not consider it here. Two of the blocks contain the Goldstone bosons which make two of the neutral gauge bosons massive. The physical pseudoscalar particles have the masses
where we have defined
On the other hand the masses of the doubly charged scalars are given by
It is easily seen that trying to make both pseudoscalar and doubly charged masses positive one ends in contradiction. Necessarily at least one of the ν = 0. Throughout the numerical calculations it is assumed that g L = g R = g and the mass of W R is taken to be 1 TeV. In this case the value of the ρ-parameter increases from its standard model value by ∆ρ = ρ − 1 ∼ 0.0017.
The mass parameters containing the soft breaking terms are chosen to be 1 TeV.
As usual in the susy models, it turns out that the experimentally most interesting, lightest scalar masses, both neutral and singly or doubly charged, depend only very slightly on the soft masses. E.g. changing m φχ and m ∆δ from 1 TeV to 2 TeV increases the light masses by less than 5 GeV. We have also assumed that m 5 = m 6 .
The parameters of the model are constrained by the requirement that all the masses remain real in the allowed range. Reality of the pseudoscalar masses leads
to an upper limit of h χL which varies between about 0.2 and 0.4. To obtain more insight into the parameters of the mass matrices, we study first a specific limit with h χL = 0 = µ 2 and D-terms, which are negligible. In this limit the doubly charged
On the other hand one finds that the neutral scalar masses can be real only if A ∆ is in the range
With these restrictions the masses of pseudoscalars and singly charged scalars are real. The allowed range disappears in the limit h ∆ → 0. In a more general situation with h χL = 0.1 and g = 0.65 the coupling A ∆ as a function of h ∆ is plotted in In Table 1 are large due to the top and stop loops [1] . One may expect also large radiative corrections to the masses of those neutral scalars, which contain large portions of ∆ 0 , due to the heavy right-handed neutrino contributions.
However, the scalars containing ∆ 0 tend to be heavy already in the tree level. The relation between the mass of the doubly charged Higgs and the possibly non-diagonal Yukawa coupling to the leptons have been studied in [13, 14] . The most stringent constraint comes from the upper limit for the decay µ → eee [13] :
From the Bhabha-scattering cross section at SLAC and DESY the following bound for the h ∆,ee coupling was established: 
Appendix.
In this Appendix we give the mass matrices of neutral, singly charged and doubly charged scalars. In the mass matrices we denote
In the neutral mass matrix the pseudoscalar and scalar components do not mix. We denote the pseudoscalars by a superscript i and scalars by r. The mass matrix of the neutral scalar sector consists of one 2 × 2 and one 6 × 6 block:
2 , ∆ 0r , δ 0r ) ij = (M 0,r (6) ) ij where the non-zero terms are given by
and one six by six block: (6) ) ij , with the non-zero terms given by
The singly charged mass matrix consists of one three by three block and one five by five block as follows:
and (M 2 e * R ,φ
The doubly charged mass matrix can be read from the scalar potential to be 
1467 +0.07ẽ
1928 −0.53ẽ 
